Abstract At least seven parameters have been described for the measurement of patellofemoral malalignment on CT scanning; three of which measure lateral patellar tilt, two lateral patellar shift and two femoral trochlear dysplasia. We studied 22 knees in 18 patients complaining of patellofemoral pain in order to investigate the reproducibility of these methods. CT scans of the patellofemoral joint were performed in each knee at 0°and 20°of flexion. The seven parameters were recorded from each scan by three independent observers in a blind study. The reproducibility was studied by means of the intraclass correlation coefficient (ICC). Parameters measuring lateral patellar tilt showed excellent reliability (ICC>75%). The measurements of lateral patellar shift and femoral trochlear dysplasia showed a fair or poor correlation (ICC<75%). We suggest that parameters for measuring lateral patellar tilt only should be used from CT scanning when planning treatment for patello-femoral malalignment.
Introduction
The commonest source of patellofemoral pain in the young adult is patellar malalignment [3] . Conservative treatment is recommended initially but surgery may be required [3, 4, 13] . Pain, effusion, locking and givingway in patients with patellofemoral malalignment are not specific for tracking abnormalities [3, 4, 13, 18] . Clinical examination may be unreliable [17] , and the diagnosis and treatment is dependent on imaging methods, which may confirm the pathology of tilt, subluxation or dysplasia [5] . A number of radiographic methods, with standard views on X-ray, CT scanning and MRI have been reported [1, 4, 5, 6, 7, 8, 13, 14, 15, 16] . Many authors have indicated that the knee should be placed near full extension when performing any radiographic investigation of the patellofemoral joint. The patellar retinaculum becomes tighter when the knee is flexed and therefore small abnormalities in patellar malalignment can be overlooked in flexion [5, 10, 16] .
It has been shown that there is little correlation between measurements from axial radiographs and CT scans [13, 19] . Thus a CT scan of the patellofemoral joint should be performed in patients with patellofemoral pain or instability and normal axial X-rays, whose symptoms do not improve after a period of conservative treatment [13] . There has been some debate as to whether the quadriceps should be relaxed or contracted when the CT scan is performed. We have previously shown that contraction of the quadriceps may not be necessary [1] .
If surgery is to be considered lateral patellar tilt and lateral patellar shift should be recorded on CT. Three methods of measuring tilt [6, 14, 16] , and two of measuring shift [14, 16] have been described. Three patterns of malalignment as recorded in the transverse plane have likewise been suggested : Type I, subluxation without tilt; Type II, subluxation with tilt; and Type III, tilt without subluxation [15, 16] . Femoral condylar dysplasia predisposes to patellar instability, and the shape of the femoral trochlear may be recorded as femoral trochlear depth or angle [15] .
Materials and methods
22 knees in 18 patients with symptoms of patellofemoral pain for more than 6 months were randomly selected for this study. The age ranged from 11 to 31 years. Patients with previous knee surgery were excluded. In eight knees there had been at least one episode of patellar dislocation. The knees were investigated by means of a transaxial CT scan that focussed on the central area of the patella. Tomographic images of 5 mm width were obtained with parameters of bone window (W=1500; C=150), with the quadriceps relaxed. For each knee, two scans were carried out: one in full extension and one in 20°of flexion [11] .
The measurements performed on the 20 CT scan slices were : a) Lateral patellofemoral angle of Laurin (PFA) (Fig. 1) ; b) Patellar tilt angle (PTA) (Fig. 2) ; c) Tilting angle (TA) (Fig. 3) ; d) Congruence angle of Merchant (CAM) (Fig. 4) ; e) Lateral shift (LS) (Fig. 5) ; f) Femoral trochlear angle (FTA) (Fig. 6) ; g) Femoral trochlear depth (FTD) (Fig. 7) . Each measurement was recorded independently by three surgeons without knowledge of clinical data. The intraclass correlation coefficient (ICC) and its 95% confidence interval, as described by Fleiss [2] was used. Intraobserver variability was calculated by the ICC between measurements made by the same observer on the same CT scan twice. Interobserver variability was calculated by the ICC between the measurements of the 3 observers.
Results
Sasaki and Yagi [14] who described the measurements of lateral shift, did not indicate how to record this measurement when the patella was displaced so far laterally that the distance BC was inverted (Fig. 5 ). There was one such case in this study and this measurement was there- fore excluded; moreover on 4 occasions (out of 126 measurements) the observer was not able to obtain reliable reference points and therefore unable to record a measurement. These calculations were excluded but the cases considered in the discussion. In 6 cases (out of 132 measurements) it was not possible for the observer to record the congruence angle, as described by Merchant et al. [12] , because of lack of reliable reference points. Thus, in further calculations of this angle these cases were excluded, but considered in the discussion. Table 1 summarises the results of ICC for each measurement performed by the same observer (intraobserver variability) and by different observers (interobserver variability) both with the knee at 0°of flexion and at 20°o f flexion. An ICC>75% in intra-and interobserver correlation was found when recording lateral patellar tilt (PFA, PTA, and TA). When recording Merchant's congruence angle (CAM) the intraobserver correlation was 0.80 but interobserver correlation only 0.63. Six inaccurate measurements were excluded. When recording lateral shift (LS) 4 unreliable measurements were excluded. The intraobserver and interobserver correlation was moderate to poor. When measuring trochlear angle on straight knee the correlation was poor. On flexed knee both the interand intraobserver correlation was >0.80. The same was the case when measuring femoral trochlear depth (FTD).
Discussion
The accuracy and reproducibility of imaging methods in the assessment of the patellofemoral joints are essential when planning treatment [13, 18] . Tomsich et al. reported that clinical assessment and measurements of patellofemoral alignment are unreliable [17] . This study suggests that the most reliable measurement is of lateral patellar tilt; the trochlear angle can be fairly reliably measured; and the other measurements are less reliable.
Lateral patellar tilt
The difference between the three methods used to calculate the lateral patellar tilt are in the reference lines used for the measurements. Lateral patellofemoral angle, as described by Laurin et al. [10] (Fig. 1) , requires one line passing through the anterior margins of the femoral condyles and the other through the margins of the lateral facet. The angle formed by these lines is positive when open laterally.
The patellar tilt angle, as described by Schutzer, Ramsby and Fulkerson [16] (Fig. 2) requires reference to the posterior margins of the femoral condyle with the same patellar reference. lt has been suggested that reference to the posterior margins of the femur is more reliable as patients with patellofemoral pain may have a hypoplastic lateral femoral condyle [1, 5] . However, we found measurements of the posterior femoral margins unreliable.
The tilting angle, as described by Sasaki and Yagi [14] (Fig. 3) , has its patellar reference point on a line passing through the centre of the patella and we found this line less reliable than that through the margins of the lateral patellar facet. However, the ICC for these measurements shows all to be reproducible (>75%); the most reproducible results being those of the lateral patellar angle.
Lateral patellar shift
The value of the congruence angle (as described by Merchant et al. [12] (Fig. 4) , initially increases rapidly with small patellar deviations, but increases less when the deviations become greater. This angle relies on correct measurement of the sulcus angle, which may be difficult; and some authors have therefore abandoned it [1, 6, 18] . However, Schutzer, Ramsby and Fulkerson [16] recommended the congruence angle as it also records the orientation of the trochlea; and Kujala et al. [8] , also found it to be satisfactory. We found an excellent intraobserver reliability but a moderate interobserver reliability for this parameter (Table 1) . However, in six cases (*) The congruence angle of Merchant was impossible to be measured accurately on six (out of 132) times. Calculations excluded these measurements (**) One CT scan could not be measured because the author who described the LS method did not explain the system required in the case of extremely displaced patellae. On 4 times (out of 126 times) it was impossible to be measured accurately. Calculations on LS excluded that particular CT scan and the failed measurements the measurement could not be made and we believe that measurements of the congruence angle are not reliable. The lateral shift, as described by Sasaki and Yagi [14] (Fig. 5) , measures the same as the congruence angle; however, unlike the congruence angle, its value increases very little with small patellar deviations but increases rapidly with greater deviations. The true parameter cannot be measured when the patella lies lateral to the apex of the lateral femoral condyle. A modification of this measurement whereby it becomes over 100% when the patella is lateral to the femoral condyle has been described [1] . Laurin also described lateral patellar displacement [9, 18] which is similar to lateral shift. However this is an absolute index and is dependent on the magnification of the CT scans; and, for this reason, it was not included in our study. We noted a poor interobserver variability for lateral shift, and in four cases it was not possible to obtain a reliable value. We therefore believe that parameters of lateral shift should not be used and that there is no accurate method, on CT scanning, for calculating lateral patellar displacement.
Trochlear dysplasia
Some authors have reported difficulty in obtaining a measurement of sulcus angle at 0°of flexion [1, 6] . On MRI, at 0°, the sulcus angle is greater than at 20° [8] . These angles on CT scan are more difficult to measure at 0°and we found a much lower ICC value at 0°than at 20°( Table 1) .
The height of the lateral femoral condyle was defined by Schutzer, Ramsby and Fulkerson [16] as an absolute value calculated from lines drawn parallel to the posterior margin of the femoral condyles, one in relation to the superior border of the lateral femoral condyle and another in the deepest aspect of the sulcus. However, this parameter depends on the magnification of the radiograph. Thus, in our study, we divided this value by the width of the lateral femoral condyle. Moderate to excellent intraobserver reliability and a moderate interobserver reliability were obtained with these measurements. These results were less reliable at 0°of flexion as has previously been recorded [1, 6] . In summary measurements of lateral patellar tilt are reliable when planning treatment for patellofemoral disorders. Measurements of lateral patellar shift and trochlear dysplasia are less reliable.
